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INTRODUCTION
One enigmatic capacity of human expe-
rience is the ability to travel back and
forth in time by using mental simula-
tions. By imagining shapes, forms, and
scenes, humans can relive the past and
visualize future events (1, 2). Histori-
cally, this memory-based mechanism has
been discussed in scientific and non-
scientific fields. As described by Marcel
Proust in his epic work, In Search of
Lost Time (3), the sensory experience of
gustatory cues, in this case, a sponge-
cake called Madeleine, seems to be pow-
erful enough to trigger a cascade of vivid
intrusions associated with a particular
set of memories (4). Besides anecdotal
references, visual mental images are of
great interest in the domain of eating
behavior because research has shown that
(involuntary) mental simulations of intru-
sions and (voluntary) repetitive mental
imagery influence eating behavior. Unrav-
eling the basic mechanisms that under-
lie mental imagery in the food domain
has the potential to provide new insights
into the perception and consumption
of food.
In this opinion article, we briefly
report on the role of mental imagery
simulations in eating behavior and its
associated pathologies and illustrate how
research on mental imaginary has con-
tributed to the current understanding of
the cognitive aspects of food intake reg-
ulation and satiation processes. Further-
more, we discuss whether guided mental
imagery intervention strategies can be inte-
grated into the successful self-regulation
of eating behavior and provide a per-
spective for future research on mental
imagery.
MENTAL SIMULATION OF FOOD
CONSUMPTION AND EFFECTS ON
JUDGMENTS AND BEHAVIOR
Many individuals in modern society live
in environments that promote excessive
weight gain because of the omnipresence
of food (5). The exposure to food automat-
ically prepares individuals for food intake
and often evokes thoughts about food, a
simulation of food intake, and a strong
motivation to consume food (6). Indeed,
even the exposure to words related to
tempting food can activate a cascade of
associations with food (7) and the sim-
ulation or reenactment of prior eating
occasions (8). Although internal cues of
hunger or craving are relevant to the for-
mation of such intrusive thoughts to a
large degree, it is clear that thoughts about
food consumption are also triggered by
consumption-related cues in the environ-
ment. Shop design and product presenta-
tion in marketing have tapped into these
mechanisms by using sensory, textural,
and emotional triggers to evoke intrusions,
facilitate the simulation of consumption,
and increase actual purchases and con-
sumption (9, 10). Recently, research has
shown that such marketing practices are
not just a creative idea put forth by mar-
keting managers but are supported by con-
crete evidence for the link between men-
tal simulations and behavior. Elder and
Krishna (11) presented participants with
a picture of smooth vanilla yogurt in a
bowl. They varied whether a spoon was
on the right or left side of the bowl. In
support of the hypothesis that participants
simulate their eating of the yogurt prior to
their actual intake in order to forecast the
taste of the yogurt, the researchers found
that right-handed participants indicated
higher purchase intentions when the spoon
was on the right side of the bowl com-
pared with when it was on the left side.
Hence, the characteristics of the presenta-
tion that facilitated the simulation of eat-
ing increased the motivation to eat the
yogurt. The facilitation effect is not lim-
ited to visual perception. For instance,
Mitchell and Kahn (12) reported that the
ambient odor of a room had a con-
siderable effect on the extent to which
individuals thought about the presented
products. When the odor was congruent
with a product (e.g., chocolate), consumers
were more likely to process information
about the product. Similarly, Seo and Roidl
(13) found that congruent odor enhanced
visual attention to odor-congruent food
items. In their study, 60 participants
were presented with four odors (orange,
lavender, coffee, and licorice) prior to
and during the presentation of foods
via photographic slides. Participants who
received olfactory cues looked more fre-
quently and for longer at the correspond-
ing foods than participants in a control
condition with no odor presentation. The
presentation of food also has an effect
on taste assessments. For example, sub-
tle changes of the natural color of an
orange juice drink (darker orange hue)
decreases liking scores substantially (14). In
accordance, manipulating expected brand
pronunciation (incongruent brand label-
ing) was shown to reduce hedonic lik-
ing of yoghurts (15). Taken as a whole,
the results of the above-mentioned stud-
ies correspond with the assumption that
conditions that facilitate the simulation
of the consumption of attractive food
increase interest in the food (e.g., visual
attention or processing of information
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about the food) and the desire for food
consumption.
Researchers have recently referred to
theories on grounded cognition (16, 17)
to explain the effects of perceptions on
thoughts and behavior (10). The basic idea
of these theories is that the cognitive repre-
sentation of concepts is grounded in related
modal systems. Previous theories on cog-
nition had supposed that cognitions were
amodal and, for example, not based on
modal representations of motor behavior.
These theories had implied that individ-
uals can think about eating in the same
way whether or not they can move their
mouth and tongue at the current moment.
By contrast, the more recent approaches of
grounded cognition suppose that thinking
about an object is related to perception and
motor behavior. This means that humans
cannot think about food without simulta-
neously activating related perceptions and
that they simultaneously simulate motor
behavior that is related to the stimulus.
Hence, the mode of thinking is supposed
to be strongly related to the mode of per-
ception and the mode of action. Accord-
ing to the grounded cognition approach,
thinking about food or just reading food-
related words should evoke mental simula-
tions of eating (7). Recently, such assump-
tions have received support from neuro-
science research. Researchers found that
solely the perception of pictures of palat-
able food led to activations in brain areas
associated with gustatory experiences (18)
and elevated ghrelin levels (orexigenic hor-
mone) in healthy volunteers (19). Like food
cues, ghrelin is one major mediator of food
anticipation (20) and recruits the same
neuronal circuitry in the dorsomedial and
ventromedial hypothalamus (21).
An example of a particularly strong
influence of thoughts on behavior is food
craving. Food craving is regarded as a
strong motivational state that urges indi-
viduals to seek and consume a particular
kind of food (22), often containing high
amounts of sugar or fat (23). When indi-
viduals crave food, their thoughts about
food are often so intrusive that they have
trouble pursuing other goals or focusing on
different thoughts. For craving, the causal
direction of the influence is bidirectional
in the sense that craving has an influ-
ence on thought and vice versa. However,
it is important to take into account that
the mental simulation of food consump-
tion triggered by external cues as described
above can result in craving.
REPEATED MENTAL SIMULATION AND
MINDFULNESS
EFFECTS OF REPEATED MENTAL SIMULATION
ON FOOD CONSUMPTION
An interesting aspect of mental simula-
tions during food perception is that men-
tal simulations do not necessarily lead
to increased consumption, but rather,
under certain circumstances, they can lead
to decreased consumption. Interestingly,
repeatedly thinking about food consump-
tion can lead to habituation and a reduced
motivation to consume a specific food,
just like real consumption (24). Habitu-
ation to food is understood as a process
that leads to a decrease in both the phys-
iological and behavioral responses to an
eating episode and a drop in enjoyment
with repeated consumption (24). Several
studies (25–27) have found evidence that
habituation can take place when individu-
als repetitively judge food or imagine eating
food. For instance, Morewedge et al. (26)
asked participants to think either 3 or 30
times about eating M&M’s. Later, partici-
pants were allowed to eat M&M’s. Partici-
pants who thought about eating the candy
30 times ate less of the product than those
who thought about it 3 times and those in
a control condition (who imagined throw-
ing coins into a laundry machine). Like
other habituation effects, this effect was
shown to be sensory-specific and was only
present when the imagined food was con-
gruent with the consumed food. The effect
did not show when the imagined food (e.g.,
M&M’s) was not the same as the consumed
food (e.g., cheese cubes) [(26); Experi-
ment 4]. Similar sensory-specific charac-
teristics between imagined and consumed
foods are therefore fundamental for food
habituation to occur. In our recent study,
we found that habituation after imagined
eating needs mental resources as habitua-
tion during actual eating does (28). Sev-
eral studies have indicated that habituation
is based on a memory process that needs
cognitive capacity to occur. Hence, when
individuals are distracted during eating, for
example, when they watch TV during eat-
ing (29, 30), they habituate less to food
and eat more. We found that a depleting
task had a similar effect on habituation
after imagined food consumption. In our
study, we used a mathematical counting
task (31) to deplete participants prior to
simulating the eating of 18 walnuts in one
condition. We showed that participants in
this depletion condition did not habituate
to the mental simulation, and habituation
was blocked, whereas they habituated in a
condition without depletion.
EFFECTS OF MINDFULNESS ON FOOD CHOICE
As reported above, repeatedly imagining
food consumption can reduce the desire
to consume the food (26). But repeti-
tive thoughts about food consumption are
not the only way to reduce the desire to
consume a particular kind of food. Also
important is how individuals think about
the food. While a single vivid image of
the consumption increases the influence
of impulsive responses on food choice,
the influence of impulsive responses on
food choice decreases when consumers
think about the reasons for their food
choice (32). Similarly, mindful attention
to thoughts about food consumption can
reduce choices for unhealthy food items
that are impulsively preferred by con-
sumers. For example, Papies and colleagues
(6) instructed participants to regard their
thoughts from a metacognitive perspec-
tive as temporary constructions that appear
and disappear. When this mindful atten-
tion was applied to food consumption, it
reduced impulsive tendencies to approach
food (6) and also promoted choices of
healthy food (33).
REPEATED MENTAL SIMULATION AND
MINDFULNESS AS INTERVENTIONS
It is important to note that the effects
of mindfulness are conceptually different
from effects of repeated mental simula-
tion. First, repeated mental simulation, but
not mindfulness, needs repetition to show
effects. Second, repeated mental simula-
tion shows specific effects on a particular
kind of food (26) but this is not the case
for mindful attention (6). At present, it
can be assumed that the habituation effects
of repeated mental simulation reflect a
memory process that leads to inhibition
after some length of imagining exposure to
food, whereas mindfulness might be more
likely to block the tempting simulation of
food consumption. Both processes are of
interest for practice. Mindfulness could be
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used as a method for reducing unhealthy
food intake. By contrast, repeatedly imag-
ining food consumption might reduce
food intake when consumption has already
begun. For example, to increase habitu-
ation to a particular kind of food, indi-
viduals could think about consuming an
unhealthy food that they usually prefer
to eat (e.g., chocolate) repeatedly across
consecutive days. However, while such
long-term effects were demonstrated with
exposure to real food (34), it is still a task
for future research to study the long-term
effects of imagined food consumption. But
there is no doubt that the relevance of
habituation processes is obvious if we con-
sider recent research that has shown that
overweight children habituate more slowly
during consumption than non-overweight
children (35). Against this background,
research on repeated mental simulations
could provide a promising starting point
from which to advance interventions in
food consumption.
CONCLUSION
Current research on food intake behav-
ior regulation is driven by a vital
need to understand the successful and
unsuccessful self-regulation of food con-
sumption. Integrating the cognitive mech-
anisms of mental imagery and mindfulness
that guide eating behaviors may be one
important milestone for enhancing current
models of food intake regulation. As pro-
posed by Redden (36), a general model
should include reflective (memory recall
inferences, metacognitions) and perceptual
(adaptation, habituation) components of
satiation. He argues that satiation is par-
tially constructed in the moment on the
basis of external cues that interact with each
other in a specific eating situation. Research
on mental imagery and mindfulness can
help us understand eating behavior and
to design individual-level interventions. It
can also help us understand why some indi-
viduals are more successful self-regulators
than others (37).
REFERENCES
1. Pearson J, Kosslyn SM. Mental imagery. Front Psy-
chol (2013) 4:198. doi:10.3389/fpsyg.2013.00198
2. Pylyshyn ZW. Mental imagery: in search of a the-
ory. Behav Brain Sci (2002) 25(2):157–82. doi:10.
1017/S0140525X02000043
3. Proust M, Davis L. Swann’s Way: In Search of Lost
Time. Penguin Classics Deluxe ed. (Vol. 1). Ruther-
ford, NJ: Penguin Group US (2004).
4. Shepherd G, Shepherd-Barr K. Proust effect.
In: Binder M, Hirokawa N, Windhorst U, edi-
tors. Encyclopedia of Neuroscience. Berlin: Springer
(2009). p. 3333–5.
5. Swinburn B, Egger G, Raza F. Dissecting obeso-
genic environments: the development and applica-
tion of a framework for identifying and prioritiz-
ing environmental interventions for obesity. Prev
Med (1999) 29(6 Pt 1):563–70. doi:10.1006/pmed.
1999.0585
6. Papies EK, Barsalou LW, Custers R. Mindful
attention prevents mindless impulses. Soc Psy-
chol Pers Sci (2012) 3(3):291–9. doi:10.1177/
1948550611419031
7. Papies EK. Tempting food words activate eating
simulations. Front Psychol (2013) 4:838. doi:10.
3389/fpsyg.2013.00838
8. Hesslow G. The current status of the simulation
theory of cognition. Brain Res (2012) 1428:71–9.
doi:10.1016/j.brainres.2011.06.026
9. Krishna A, Schwarz N. Sensory marketing,
embodiment, and grounded cognition: a review
and introduction. J Consum Psychol (2014)
24(2):159–68. doi:10.1016/j.jcps.2013.12.006
10. Krishna A. An integrative review of sensory
marketing: engaging the senses to affect per-
ception, judgment and behavior. J Consum
Psychol (2012) 22(3):332–51. doi:10.1016/j.jcps.
2011.08.003
11. Elder RS, Krishna A. The “visual depiction effect”
in advertising: facilitating embodied mental simu-
lation through product orientation. J Consum Res
(2012) 38(6):988–1003. doi:10.1086/661531
12. Mitchell DJ, Kahn BE, Knasko SC. There’s some-
thing in the air: effects of congruent or incongru-
ent ambient odor on consumer decision making.
J Consum Res (1995) 22(2):229–38. doi:10.1086/
209447
13. Seo HS, Roidl E, Muller F, Negoias S. Odors
enhance visual attention to congruent objects.
Appetite (2010) 54(3):544–9. doi:10.1016/j.appet.
2010.02.011
14. Hoegg J, Alba JW. Taste perception: more
than meets the tongue. J Consum Res (2007)
33(4):490–8. doi:10.1086/510222
15. Leclerc F, Schmitt BH, Dube L. Foreign branding
and its effects on product perceptions and atti-
tudes. J Mark Res (1994) 31(2):263–70. doi:10.
2307/3152198
16. Barsalou LW. Grounded cognition. Annu Rev
Psychol (2008) 59:617–45. doi:10.1146/annurev.
psych.59.103006.093639
17. Niedenthal PM, Barsalou LW, Winkielman P,
Krauth-Gruber S, Ric F. Embodiment in atti-
tudes, social perception, and emotion. Pers Soc
Psychol Rev (2005) 9(3):184–211. doi:10.1207/
s15327957pspr0903_1
18. Simmons WK, Martin A, Barsalou LW. Pic-
tures of appetizing foods activate gustatory cor-
tices for taste and reward. Cereb Cortex (2005)
15(10):1602–8. doi:10.1093/cercor/bhi038
19. Schussler P, Kluge M, Yassouridis A, Dresler M,
Uhr M, Steiger A. Ghrelin levels increase after pic-
tures showing food. Obesity (Silver Spring) (2012)
20(6):1212–7. doi:10.1038/oby.2011.385
20. Uchida A, Zigman JM, Perello M. Ghrelin and
eating behavior: evidence and insights from
genetically-modified mouse models. Front Neu-
rosci (2013) 7:121. doi:10.3389/fnins.2013.00121
21. van der Plasse G, Merkestein M, Luijendijk MC,
van der Roest M, Westenberg HG, Mulder AB, et al.
Food cues and ghrelin recruit the same neuronal
circuitry. Int J Obes (Lond) (2013) 37(7):1012–9.
doi:10.1038/ijo.2012.174
22. Kemps E, Tiggemann M. A role for mental imagery
in the experience and reduction of food cravings.
Front Psychiatry (2014) 5:193. doi:10.3389/fpsyt.
2014.00193
23. Martin CK, McClernon FJ, Chellino A, Correa
JB. Food cravings: a central construct in food
intake behavior, weight loss, and the neurobiol-
ogy of appetitive behavior. In: Preedy VR, Wat-
son RR, Martin CR, editors. Handbook of Behavior,
Food and Nutrition (2011). New York: Springer.
p. 741–55.
24. Epstein LH, Temple JL, Roemmich JN, Bouton
ME. Habituation as a determinant of human food
intake. Psychol Rev (2009) 116(2):384–407. doi:10.
1037/a0015074
25. Missbach B, Florack A, Weissmann L, Konig J.
Mental imagery interventions reduce subsequent
food intake only when self-regulatory resources
are available. Front Psychol (2014) 5:1391. doi:10.
3389/fpsyg.2014.01391
26. Morewedge CK, Huh YE, Vosgerau J. Thought
for food: imagined consumption reduces actual
consumption. Science (2010) 330(6010):1530–3.
doi:10.1126/science.1195701
27. Larson JS, Redden JP, Elder RS. Satiation from sen-
sory simulation: evaluating foods decreases enjoy-
ment of similar foods. J Consum Psychol (2014)
24(2):188–94. doi:10.1016/j.jcps.2013.09.001
28. Missbach B, Florack A, Weissmann L, König J.
Mental imagery interventions reduce subsequent
food intake only when self-regulatory resources
are available. Front Psychol (2014) 5:1391. doi:10.
3389/fpsyg.2014.01391
29. Harris JL, Bargh JA, Brownell KD. Priming effects
of television food advertising on eating behavior.
Health Psychol (2009) 28(4):404–13. doi:10.1037/
a0014399
30. Higgs S, Woodward M. Television watching during
lunch increases afternoon snack intake of young
women.Appetite (2009) 52(1):39–43. doi:10.1016/
j.appet.2008.07.007
31. Webb TL, Sheeran P. Can implementation inten-
tions help to overcome ego-depletion? J Exp Soc
Psychol (2003) 39(3):279–86. doi:10.1016/S0022-
1031(02)00527-9
32. Scarabis M, Florack A, Gosejohann S. When con-
sumers follow their feelings: the impact of affec-
tive or cognitive focus on the basis of consumers’
choice. Psychol Market (2006) 23(12):1015–34.
doi:10.1002/mar.20144
33. Papies EK, Pronk TM, Keesman M, Barsalou LW.
The benefits of simply observing: mindful atten-
tion modulates the link between motivation and
behavior. J Pers Soc Psychol (2015) 108(1):148–70.
doi:10.1037/a0038032
34. Epstein LH, Carr KA, Cavanaugh MD, Paluch RA,
Bouton ME. Long-term habituation to food in
obese and nonobese women.AmJClinNutr (2011)
94(2):371–6. doi:10.3945/ajcn.110.009035
www.frontiersin.org April 2015 | Volume 6 | Article 48 | 3
Missbach et al. Mental imagery and food consumption behavior
35. Temple JL, Giacomelli AM, Roemmich JN,
Epstein LH. Overweight children habituate slower
than non-overweight children to food. Phys-
iol Behav (2007) 91(2–3):250–4. doi:10.1016/j.
physbeh.2007.03.009
36. Redden JP. Desire over time: the multi-
faceted nature of satiation. In: Hofmann
W, Nordgren L, editors. The Psychology of
Desire. New York, NY: Guilford Press (2014)
(in press).
37. Friese M, Engeler M, Florack A. Self-perceived
successful weight regulators are less affected by
self-regulatory depletion in the domain of eating
behavior. Eat Behav (2015) 16:5–8. doi:10.1016/j.
eatbeh.2014.10.011
Conflict of Interest Statement: The authors declare
that the research was conducted in the absence of any
commercial or financial relationships that could be
construed as a potential conflict of interest.
Received: 28 January 2015; accepted: 23 March 2015;
published online: 07 April 2015.
Citation: Missbach B, Florack A and König J (2015)
Mental imagery and food consumption. Front. Psychia-
try 6:48. doi: 10.3389/fpsyt.2015.00048
This article was submitted toAffectiveDisorders and Psy-
chosomatic Research, a section of the journal Frontiers in
Psychiatry.
Copyright © 2015 Missbach, Florack and König . This
is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) or
licensor are credited and that the original publication
in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduc-
tion is permitted which does not comply with these
terms.
Frontiers in Psychiatry | Affective Disorders and Psychosomatic Research April 2015 | Volume 6 | Article 48 | 4
